An unbroken Z 3 symmetry remains when local SU (2) X is broken spontaneously by one quadruplet. The gauge boson χ µ (χ µ ) carries the dark charge and is the candidate of dark matter (DM).
One of unsolved mysterious problems in astrophysics is the existence of dark matter (DM), where the plausible candidates in particle physics are the weakly interacting massive particles (WIMPs). The Planck best-fit for the DM density, which combines the data of WMAP polarization at low multipoles, high-ℓ experiments and baryon acoustic oscillations (BAO), etc., now is given by [1] Ω DM h 2 = 0.1187 ± 0.0017 .
Besides the evidence from astronomical observations, now there are direct and indirect ways to detect the DM. According to the recent measurements by XENON100 Collaboration [2] and LUX Collaboration [3] , which are designed for directly detecting the DM, so far no clear signals are found, the cross section for elastic scattering of DM off nucleon now has been strictly limited. Additionally, although the potential DM signals are indicated by the indirect detections, such as the excess of positron fraction observed by PAMELA [5] and Fermi-LAT [6] experiments, and the excess of positron+electron flux observed by PAMELA [7] , Fermi-LAT [8] , ATIC [9] , HESS [10, 11] , etc, however they may also be solved by astronomical effects, e.g. pulsars [12, 13] .
Recently, a clear excess of gamma-ray spectrum, which has an obvious peak at the photon energy of around 2 GeV, has been pointed out by the analyses in Refs. [14] [15] [16] [17] [18] [19] [20] [21] . Furthermore, using the data from the observation of Fermi Gamma-Ray Space Telescope [22, 23] , a more significant signal of gamma-ray from the region around Galactic Center is also found [24] [25] [26] [27] [28] .
Subsequently, it is found that the excess can match with the gamma-ray spectrum that is arisen from the DM annihilation with the thermally averaged cross section σv rel of 10 −26 cm 3 /s, which is the same for thermal relic density. Based the findings, in this paper we propose a natural stable vector DM model without imposing extra discrete symmetry and the DM annihilating into SM particles is through Higgs portal. Other mechanisms proposed to explain the excess could be referred to the references, such as DM annihilates directly into SM particles and/or DM firstly annihilates into Hidden scalar (gauge) bosons, and then decays to SM particles via Higgs (Z')-portal successively .
From the viewpoint of model building, for protecting DM from decay, an unbroken discrete symmetry in the theory is necessary. However, the discrete symmetry usually is put in by hand. In order to get a stable DM naturally, we study the model in which the unbroken symmetry originates from the remnant of a continuous symmetry group broken sponta-neously. For realizing the concept, we investigate the extension of SM with a new SU(2) X gauge symmetry, where the subscript X could be regarded as the dark charge.
We find that a Z 3 discrete symmetry indeed remains when SU(2) X is broken by a quadruplet. The characteristics of the model are listed as follows: (a) the unbroken Z 3 symmetry is the remnant of SU(2) X ; (b) gauge bosons χ µ andχ µ carry the Z 3 charge and are the candidates of DM, (c) besides the SM Higgs (φ), only one scalar boson (φ r ) is introduced, and (d) due to the mixture of φ r and φ, DM annihilation is through the Higgs portal. We note that although SU(2) gauge model in hidden sector has been discussed, however due to different approaches for stabilizing the DM, such as using remaining Z 2 with quintet in
Ref. [53] , custodial symmetry in Refs. [32, 54] and unbroken U(1) in Ref. [55, 56] , the arisen DM annihilation processes are different from each other.
We start introducing the model. For studying the minimal extension of the SM to include the DM, besides the SM particles and the dictated gauge symmetry, we add one quadruplet of SU(2) X into the model. Thus, the Lagrangian in
with
where L SM is the Lagrangian of SM,
2 is the quadruplet of SU(2) X , the index i of φ i stands for the eigenvalue of the third generator of SU(2) X and
µ and the representations of T a in quadraplet are given by
and T 3 = diag(3/2, 1/2, −1/2, −3/2). The field strength tensor of SU(2) X is read by
a . Since the SM is well known, we don't present it explicitly.
For breaking the SU(2) X and preserving a discrete symmetry, we adopt the vacuum expectation value (VEV) of φ ±3/2 and the fluctuation around VEV to be
When we regard the quadruplet as the fluctuations from the vacuum Φ 0 = (v 4 , 0, 0, v 4 )/2, the Φ 4 can be parametrized by using the form
The components of Φ 4 could be related to scalar fields α a (x) by transformation, the scalar fields of quadruplet are transformed by
That is, φ ±3/2 are Z 3 blind while φ ±1 carry the charge of Z 3 . For understanding the transformations of gauge fields, one can use the global gauge transformation defined by
In terms of physical states of gauge fields, one can write
in Z 3 are read by
We see that χ µ (χ µ ) carries the Z 3 charge and X 3 µ is the Z 3 blind. Due to the unbroken Z 3 , the particles owning the charge of Z 3 are the candidates of DM. Since φ ±1/2 are the unphysical NG bosons, therefore, the DM candidates in our model are the vector gauge bosons χ µ andχ µ .
For studying the spectra of SU(2) X , we have to determine the nonvanishing VEVs of H and Φ 4 . Using Eq. (3) and Eq. (6), we get
With minimal conditions ∂V (v, v 4 )/∂v = ∂V (v, v 4 )/∂v 4 = 0, we respectively have
In terms of the parameters in scalar potential, the VEVs could be written as
As known that the masses of gauge bosons are arisen from the kinetic term of Φ 4 . Consequently, the masses of χ µ (χ µ ) and X 3 µ are directly found by
where t(t + 1) and t 3 are the eigenvalues of T 2 = T a T a and T 3 , respectively. With t = t 3 = 3/2, the masses of gauge bosons are obtained as
Although there are four scalar fields in quadruplet, three of them become the longitudinal polarizations of gauge bosons (χ µ ,χ µ , X 3 µ ). Therefore, combining with the Higgs doublet in the SM, the remaining physical scalar bosons in the model are φ and φ r . In terms of scalar potential in Eq. (3), the mass matrix for φ and φ r is expressed by
with m φ = √ 2λv and m φr = √ 2λ Φ v 4 . Due to the λ ′ effect, the SM Higgs φ and φ r will mix and are not physical eigenstates. The mixing angle connected the mass eigenstates could be parametrized by
where h denotes the SM-like Higgs, H 0 is the second scalar boson and tan 2θ = 2λ 
The mass of h could be m 1 or m 2 . The mass assignment depends on the chosen scheme for the parameters. For solving the problem of gamma-ray excess, we will focus on m h > m H 0 .
Next, we derive the couplings of scalar φ r and its interactions with new gauge bosons. We first discuss the gauge interactions of φ r . From Eq. (2), we see that the gauge interactions of quadruplet only occur in kinetic term of Φ 4 . Using theΦ 4 defined in Eq. (6) and the covariant derivative of Φ 4 , the gauge interactions are expressed as
By adopting the expression of Eq. (9), one can easily find that the gauge interactions of Eq. (19) vanish. For getting the interactions of Eq. (20), we directly use the result
Straightway, the interactions are written by
where the masses of gauge bosons defined in Eq. (15) Table I . We note that although the interactions in Eq. (22) and Table I are expressed in terms of φ r and φ, the expressions with h and H 0 mass eigenstates could be easily obtained by using Eq. (17). 
The relevant free parameters in the model are µ For constraining the free parameters, two observables have to be considered: one is the relic density [1] and another one is DM-nucleon scattering cross section [2, 3] . The number density of dark matter is dictated by the well-known Boltzmann equation, expressed by
with H being the Hubble rate and n = n χ + nχ. The equilibrium density is written as
where g χ is the internal degrees of freedom of dark matter, T is the temperature and K i is the modified Bessel function of second kind [59] . For vector DM, we take g χ = 3. The thermally averaged annihilation cross section is given by
In the model, the DM annihilating into the SM particles is through the Higgs port in which the associated Feynman diagrams are presented in Fig. 1 . For studying the DM abundance 
where H 2 = 8π 3 Gg * T 4 /90 and M 2 P = 1/(8πG) have been used. If we set Y ∞ to be the present value after freeze-out, the current relic density of DM is given by
Here, H 0 and s 0 are the present Hubble constant and entropy density, respectively. For numerical calculations, we employ micrOMEGAs 4.1.5 [60] to solve the Boltzmann equation
and to get the present relic density of DM Eq. (27) .
Although the direct detection of DM via DM-nucleon scattering has not been observed yet, the sensitivities of current experiments could give a strict constraint on the free parameters. In the model, the sketch of vector DM scattering with nucleon is shown in Fig. 2 .
By neglecting the small momentum transfer, the scattering amplitude of χ µ (χ µ )-nucleon is written as
By assuming that the effective couplings of DM to proton and to neutron are the same, we parametrize the nucleon transition matrix element to be N|m
where the range of f N is [1.1, 3.2] × 10 −3 [61, 62] . As a result, the scattering cross section of
The sketch of dark matter scatters nucleon.
DM-nucleon is formulated by
Before discussing the numerical analysis, we set up For understanding the constraint of observed Ω DM h 2 , we present the Ω χ h 2 as a function of g X in Fig. 3(a) . By the results, we see that for matching the observed relic density of DM, the value of the gauge coupling g X should be around 0.23(0.21) for m χ = 70(60) GeV and m H 0 = 69(59) GeV. We note that for explaining the excess of gamma-ray via DM annihilation, we adopt m χ ≈ m H 0 in scheme (a). We will clarify this point later. In scheme (b), Fig. 1III becomes dominant. Since h and H 0 both contribute to the DM annihilation, besides the gauge coupling g X and m H 0 , the results are also sensitive to the mixing angle θ.
Since three free parameters are involved in this scheme, in Fig. 3(b) we show the correlation between sin θ and m H 0 when g X = 1 is fixed and the Ω DM h 2 is satisfied simulatneously.
With the proposed schemes (a) and (b), we can further discuss the limit from the measurements of DM direct detection. Since the vector DM candidates are not self-chargeconjugation particles, the DM density is composed of χ µ andχ µ , i.e. ρ DM = ρ χ + ρχ. Thus, the elastic scattering cross section of DM off a nucleon is proportional to ρ χ σ χN + ρχσχ N = ρ DM σ χN . Consequently, for comparing with the DM-nucleon scattering cross section measured by the direct detection experiments, one can just use σ χN formulated in Eq. (29) . For scheme (a), unlike Ω χ h 2 , σ χN is sin θ dependence. We plot the elastic cross section as a function of sin θ in and m χ = 50 (40) for left (right) panel. In order to fit the data of Ω DM h 2 together, in the figure we have applied the results shown in Fig. 3(b) . By the plots, we find that current DM direct detection experiments further limit the mass relation to be m H ∼ 2m χ . Ω DM h 2 has been considered. For comparisons, the measurements of XENON100 [2] and LUX [3] for 90%-CL upper limits are shown in the plots.
After analyzing the constraints of DM relic density and DM direct detection, we now study the gamma-ray which is originated from the DM annihilation. It is known that the flux of gamma-ray from DM annihilation is expressed by
where dN γ /dE γ is the gamma-ray spectrum produced per annihilation, ψ is the observation angle between the line-of-sight and the galactic center, ρ(r) is density of DM, and integration of the density squared is carried out over the line-of-sight. The general DM halo profile could be parametrized by
where r s = 20 kpc is the scale radius, ρ ⊙ = 0.3 GeV/cm 3 is the local dark matter density at r ⊙ = 8.5 kpc and r is the distance from the center of the galaxy. (α, β, γ) = (1, 3, 1) corresponds to the Navarro-Frenk-White (NFW) profile. In our numerical estimations, we set α = 1 and β = 3, but γ to be free. Since ρ(r) is proportional to r −γ , we see that the change of parameter γ only can shift the entire gamma-ray spectrum but not the shape of model to micrOMEGAs 4.1.5 [60] and use the program code to estimate the gamma-ray spectrum.
In the model, the processes to produce the gamma-ray by DM annihilation are similar to those for relic density, except the gamma-ray is emitted in the final states. In scheme (a), we present the flux of gamma-ray as a function of photon energy E γ in Fig. 6(a The result of gamma-ray flux as a function of E γ is given in Fig. 6(b) , where g X = 1 is taken, the solid and dashed lines stand for (m χ , m H 0 ) = (50, 101) and (40, 101) respectively, and the value of sin θ is read from the Fig. 3(b) when the observed Ω DM h 2 is satisfied. In addition, the value of m H 0 has been chosen to follow the constraint of direct detection, i.e. m H 0 ∼ 2m χ .
For the case of m H 0 2m χ , due to the Breit-Wigner enhancement, the annihilation cross section becomes too large to explain the gamma-ray excess. Hence, we adopt m H 0 2m χ . In summary, for interpreting the excess of gamma-ray through DM annihilation, we study the DM model in the framework of SU(2) X gauge symmetry. For breaking the gauge symmetry, we use one quadruplet of SU (2) . As a result, the remnant Z 3 of SU(2) X leads the stable DMs and the gauge bosons of SU(2) X are the DM candidates. Due to the mixture of quadruplet and SM Higgs doublet in the scalar potential, DM annihilation to SM particles is through the Higgs portal. When the observed relic density of DM and limit of DM direct detection are satisfied, we find that m χ < m W could give a correct pattern for gamma-ray spectrum. For more specific numerical studies, we classify the values of parameters to be scheme (a) with (m χ , m H 0 ) = (70, 69) and (60, 59 ) and scheme (b) with (m χ , m H 0 ) = (50, 101) and (40, 81) . Based on our analysis, the scheme (a) fits well to the data. Additionally, we also find that in scheme (a), if m χ − m H 0 is increasing, due to the boosted H 0 , the flux of gamma-ray is also enhanced when the photon energy is over the peak of gamma-ray spectrum.
